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Abstract

In an increasingly globalized world, ge-
ographic literacy is crucial. In this pa-
per, we present a collaborative two-player
game to improve people’s ability to locate
countries on the world map. We discuss
two implementations of the game: First,
we created a web-based version which
can be played with the remote-controlled
agent Nellie. With the knowledge we
gained from a large online data collec-
tion, we re-implemented the game so it
can be played face-to-face with the Furhat
robot Neil. Our analysis shows that partic-
ipants found the game not just engaging to
play, they also believe they gained lasting
knowledge about the world map.

1 Introduction

In an increasingly connected and globalized
world, knowledge about other countries is not only
crucial in many jobs but also to make informed de-
cisions about which political agenda to support or
to understand and build an opinion about a geo-
political news articles. However, in 2006, the Na-
tional Geographic Society found that “young peo-
ple in the United States - the most recent gradu-
ates of our educational system - are unprepared
for an increasingly global future” (CFK and Ge-
ographic, 2006). Even though 78% of survey re-
spondents found it at least somewhat important to
know where countries in the news are located, six
in ten could not find Iraq on a map despite almost
constant news coverage. In an even more recent
survey (CFR and Geographic, 2016), it was found
that university students could locate only 46.5%
of the countries that the US is actively engaged
politically on the map. The National Geographic
Society suggests that the level of education plays a

major role in geographic literacy. In other words,
“the more education respondents have, the more
likely they are to answer questions on geographic
literacy correctly” (CFK and Geographic, 2006).
However, many Americans do not progress their
education beyond high school, which leads to the
question: How can we educate those lacking geo-
graphic literacy skills independent of their educa-
tional level?

Spoken dialogue system (SDS) technologies
have made rapid progress in the past decade: Au-
tomatic speech recognizers with low word er-
ror rates, machine learning approaches that yield
high accuracy speech act labels for language un-
derstanding and speech synthesizers that create
human-like voices have made it possible to de-
velop numerous new SDS applications. One such
application are Intelligent Tutoring Systems. Over
the past few decades, Intelligent Tutoring Systems
have been shown to successfully achieve appre-
ciable learning gains (cf. Lesgold et al. (1988);
Freedman (1999); Koedinger et al. (1997); Mitro-
vic and Ohlsson (1999); Gertner and VanLehn
(2000); Graesser et al. (2001); Litman and Sil-
liman (2004); Graesser et al. (2004); McNamara
et al. (2004); Craig et al. (2013); Koedinger et al.
(2013); Pane et al. (2014); Graesser (2016); Trinh
et al. (2017)). Those systems usually rely heavily
on experts hand-authoring the pedagogical con-
tent. While this ensures high quality, it also makes
such systems expensive and time-consuming to
build. To overcome this issue, crowd-sourcing
content creation and quality control have shown
potential in recent times (Mitros and Sun, 2014;
Baker, 2016). While pedagogical tutoring systems
generally give the user much freedom in how to
use the system, the increased pedagogic value of-
ten comes at the cost of decrease in the fun and
engagement with the system.

Another class of pedagogical systems are Se-



Role utterance
Dir The first country is in middle of

Africa. It’s South Sudan. Do you
happen to know where that is?

Mat I don’t know where that is
Dir That’s surprising $laughter$ . . . Do

you know where Egypt is?
Mat No
Dir Look at the um Africa . . . top three

biggest countries uh on top of
Africa . . . You see those?

Mat Yes
Dir The one to the furthest right . . . is

Egypt
Mat Ok
Dir Go two down . . . that is South Su-

dan
Mat What does it look like?
Dir . . . Kinda looks like seahorse lay-

ing on its back . . .
Mat Got it

Figure 1: The map as presented to the Director. The target country is highlighted in green and information
about the country are presented when hovering over it (highlighted in gray). The table to the left shows
a sample conversation between the human Director (Dir) and the agent Matcher (Mat).

rious Games (Michael and Chen, 2005; John-
son et al., 2005). They are typically developed
along the narrative of a storyboard which leads the
learner to solve problems, which results in learn-
ing gains. These games usually don’t struggle to
engage the learner; however, the hand-authored
storyboard limits their options to influence the
story significantly. This may decrease the learn-
ing gain since the users don’t have to find poten-
tial problem solutions themselves. Another draw-
back of Serious Games is that, since the games
are story-based, repeated interactions with these
games are often not intended.

The main contribution of this work is the devel-
opment of a Serious Dialogue Game which aims to
(i) maximize the learner’s engagement and learn-
ing even in repeated interactions with open-ended
spoken interactions with the system, while (ii) ab-
staining entirely from involving experts in the de-
velopment of the learning content. We picked the
skill of locating a country on the world map as
an example for our collaborative two-player game.
In this work, we focus on presenting the domain
and discussing how it serves the purpose of cre-
ating high engagement while maintaining a sub-
jectively high learning gain. The ultimate goal of
this project is to develop an autonomous team part-
ner for the game. As a step towards this goal, we
developed a Wizard-of-Oz framework that allows
studying people’s game interactions with an agent.

We developed this game to operate web-based
and with an embodied agent as a team partner.
Since 90% of adults in the U.S use the internet
(Anderson et al., 2019), a web-based version is
a good option to reach the general public. Web-
based games scale easily, don’t have demanding
hardware requirements, and potentially allow mul-
tiple people playing at the same time. Players can
also access them in a safe space, which can de-
crease the fear of judgment or stigma. In addition
to the web-based version, we aim to explore how
the game could be used in a classroom setting. It
has been shown that embodied interactions, espe-
cially in tutoring systems, can increase the learn-
ing gain and the level of engagement (McNamara
et al., 2010). Such systems could eventually be
used to enrich the geography lessons in schools.
Thus, we also implemented a version of the game
that can be played together with a Furhat robot.

2 The RDG-Map Game

The game we present in this work is developed to
promote learning of the size, location, and relation
of countries in the world and is called RDG-Map
(Rapid Dialogue Game - Map). Learning shall be
achieved by playing an interactive, collaborative,
and time-constrained two-person game, in which
one player is provided with more information and
thereby implicitly acts as a tutor in the learning
task. However, the aim is that players in both roles



Figure 2: The wizard interface for the web-based (left) and the embodied data collection (right).

can gain knowledge from playing the game.
The game developed in this work also shares

similarity with numerous reference resolution
games developed in recent times (Paetzel et al.,
2014; Manuvinakurike et al., 2016; Zarrieß et al.,
2016; De Vries et al., 2017). One of the players
is assigned the role of a Director and the other the
role of a Matcher. Both players see a map of the
world on their respective screen. One of the coun-
tries is randomly selected as a target country (TC)
and highlighted on the Director’s screen in green,
as shown in Figure 1. In addition, the Director
may hover over a country to see the name of the
country. The goal of the Director is to describe the
TC so that the Matcher is able to select the same
country on their map. The Director and Matcher
are able to talk back-and-forth freely to identify
the TC. This includes the usage of the countries
name. However, the map of the Matcher is not la-
beled, so the name of the country alone is likely
not sufficient to identify the TC. The Matcher can
change their selection as often as desired, but the
information which country the Matcher has cur-
rently selected is not shared with the Director.

When the Matcher believes (s)he has clicked on
the correct country, (s)he communicates this to the
Director who presses a button to request the next
TC. The team scores a point for each correct guess,
with the goal to score as high as possible in the
given 600 seconds game time.

3 Nellie - A Web-Based Agent

We first implemented a browser-based version of
the RDG-Map game that can be either played by a
human-human or a human-agent team. Communi-
cation between two human players is realized us-
ing the HTML5 Simplewebrtc1 tool.

1https://www.simplewebrtc.com/

3.1 Agent Implementation

We created a Wizard-of-Oz setup in which a hu-
man director was paired with what (s)he believed
to be an autonomous agent Matcher called Nel-
lie. The Wizard interface was inspired by some
initial human-human data collection and the utter-
ances of the human Matcher in the games we ana-
lyzed. The interface is divided into three sections
(cf. Figure 2 left): On top, the wizard sees the
world map, and by clicking on a country, the wiz-
ard controls the agent’s country selection. On the
right, the wizard sees the country names the agent
knows by name (the human director is not aware of
the countries known by the Matcher). Initially, the
agent can locate nine countries on the world map
(United States, Canada, Mexico, Brazil, India,
China, Russia, Australia, and Italy). These rep-
resent all the countries more than 50% of Amer-
icans can find on the world map (CFK and Geo-
graphic, 2006). Whenever a country was correctly
identified, the name is automatically added to the
panel. In addition, the wizard can add countries
or other anchoring points (e.g.: Egypt in Figure 1)
manually. On the lower part of the Wizard screen,
23 thematically themed buttons control the agent’s
utterances. These utterances include opening and
closing statements, confirmations, backchannels,
yes/no responses, and other game-related state-
ments and questions. Cereproc’s voice Kate is
used for agent’s voice. The wizard controlling the
agent followed the same strict guidelines for every
game interaction to ensure the behavior would be
as close as possible to the desired behavior of the
future autonomous agent.

3.2 Data Collection

The architecture of the system is similar to
the one we previously developed and de-
scribed in Manuvinakurike and DeVault (2015);



Figure 3: The perceived importance of key skills in today’s world and the self-assessed knowledge of
different subjects by the 48 participants in the web-based data collection.

Manuvinakurike et al. (2015). In this work, we
extended the framework to support human-wizard
interactions. Prior to starting the game, instruc-
tions were provided as text and a video demon-
stration. Participants were also asked for consent
and to fill out a demographic questionnaire. As the
framework supports only one Wizard, participants
had to wait in a FIFO (First in first out) queue
until the wizard was ready to play. After partici-
pants were paired with the wizard and finished the
game, they were directed to a post-questionnaire
in which they were asked to reflect on their satis-
faction with the agent’s performance and the over-
all gameplay.

50 native English speakers located in the
US were recruited on Amazon Mechanical Turk
(MTurk) to play the game . Participants received
monetary compensation for their participation. We
excluded two game interactions from the analy-
sis, one due to audio problems and the other be-
cause the participant did not complete the post-
game questionnaire. Out of the 48 remaining par-
ticipants (Age: M= 35.7, SD= 9.7), 19 were fe-
male, all had at least completed high school, and
13 were currently or prior enrolled in Computer
Science or a related University course.

In the demographics questionnaire, we included
relevant questions from the CFK and Geographic
(2006) survey to understand the geographic liter-
acy of our participants (cf. Figure 3). While the
majority of participants agreed that being able to
use a Computer (93.8%) and the Internet (83.3%)
are both absolutely necessary skills, only 12.5%
found it necessary to be able to speak a foreign

language and 10.4% to know where countries in
the news are located. Participants rated their own
skills worst when it comes to foreign languages
(39.6% believe they know less than the average
person), followed by geography skills (20.8% be-
lieve they know less than the average person). This
is in line with the 2016 findings by the National
Geographic Society (CFK and Geographic, 2006).

4 Neil - An Embodied Agent

With the experience we gained from the web-
based data collection, we revised the game so it
could be played in cooperation with the robot head
Furhat (Al Moubayed et al., 2012). We ultimately
aim to create a classroom setting, in which part
of the geography curriculum could eventually in-
volve playing the RDG-Map game. As a first step
towards this goal, we conducted a Wizard-of-Oz
experiment with University students.

4.1 Game Implementation

In comparison to the web-based version of the
game, the game logic needed changes in order to
incorporate the physical embodiment of the agent.
While the web-based game was played on two
separate screens, we aimed to add an element of
shared attention to make more use of the physical
presence of the agent. The actual implementation
was inspired by a comment from a participant in
the web-based data collection who wrote: “I think
it might be better if I was able to see if partner
had picked the right countries.” We often noticed
frustration with the agent when they didn’t score
a point and the human Director could not com-




